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Design and implementation of distributed flight control system for
small unmanned helicopter

Zhou Yan Zu Jiakui

(College of Automation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Liu Nian

Abstract; The bus-based distributed structure has been applied to the field of drones because of its simple structure,
easy expansion, and maintainability. The research group takes unmanned helicopter as the research object, and carries
on the technical upgrade on the basis of the original centralized flight control system. A design scheme of distributed
flight control system based on CAN bus is proposed. It describes the overall design scheme, hardware design,
communication mechanism, software development and implementation of distributed system based on CAN bus, and
carries out semi-physical simulation verification. The test results show that the actual bandwidth occupied by CAN bus
is 10. 5%, and there is no frame loss. The synchronization accuracy of communication reference clock is less than 150
ps, which can fully meet the requirements of flight control system. Through the whole process of flight semi-physical
simulation, it is proved that the distributed flight control system based on CAN bus can meet the real-time, reliability

and other control requirements of unmanned helicopter flight control system, and the design meets the engineering

requirements.

Keywords: CAN bus; distributed; flight control system; unmanned helicopter

=

=1

51

o LIS /I — AT R T4 R S8 T AL
MR T ARG, S /NI N B THIL R R G YT 2 2
DABRAE e 1y SRl by gl 1 4 vp X g 2 b . AR rp s M it
T RS RGP Z A L L B AT 55 T SRS o s
TR RLE B R D RE H AR S 2% PRI I 2 (5 B A
B EIR, TG R AW 2 1FE 5 A& B X
RZ HAVEY . ARG A5 EBE T AU
i RGBT B T HL 2 S BO ML A A A A Y

Wi H . 2018-11

¢ 120 -

Ko R A ANA5 K R LA Ak 2R G4k sl A A 4k i L3 T
ZOLI TR S AT e L A A U R AT B T A e
B s UAE BT i = ST 1 | AT 2 J 0 A AT A A 2 A —
RANER AL ST B A7 R RGBT 7 ik E B TG
AL REER G R R,

AR SCLL RN BTG N B THBIL R BF 58 % R L B — b
T CAN B8Rm0 AT RS ARG . HaHied 1770
i SRR R GRS 7 58 RE S B L S I £ AL L AR
PRSI B0 HE . AR B8 © 28 RE 8 I R K P TR
5K o



N A F DBAALINSAX KIZELENHRITS LA

%104

1 BRAHSH R
ARICEEXT TZ-300 /NI TG N ELTHHL L X U 1) 4 X

KRG AT RO O S A R R . %/

RITCNEIHHLINIE 1 7R HEORfR bR 2k 1 s .

K1 TZ-300 BJE N\ B FHHLAR AL

K1 TZ300 T NEFANEASH

il i E 2 /I
AT 5~10 m/s —
TRATHE ] 30 min —

HE 12 kg -

O 40 kg HAEREA A E
AT 0~1 000 m I HE R
Kl & 3l 17.5 HP UL X B RS
Ja sh 7 = I 3 i FL i HhE LA Bl e
FHEH AR 2 100 mm T 2T 2 #4 Ji
K/# /%  2300/870/450 mm I R G

Te AL AT IR 5 G0 S — N X W] 5 4 5 S i TSR A
I AT S5 R R A YRR AN LS
il B AT RS BB AL AT S5 R B B i
BB MR AR AT R G DL AT W AL N
Bl S — 4 EBRAMEERRTRE. BH RSN TIE
TR P LB IMU, GPS Fl#G % 5% 254 R 481
5 Gogd AR S R S S R R A RE LA AR L AL
BIESE TN BT AL AT W DA . 7E LI, i A
3R L Ao T O R s 18 A X TG AL TR AT A AR AT W A
Ll

TZ-300 BN EF-HLEA CI7 8 R 5 R &£ X
BT 548, R TF BEALES M B 2 Bim . FeAL 8 s 42 0
HLIMU,GPS B L L & R 8 AT DA AT 55 15 45 5 4%
BOnHE A B DS R YL E A, iR
W I &3 T B R G TRR R R B 10, X Oy 2 R
THREMERSMALME I, X CERENTHZEMEH
ZR O TR B HRR & E FERMAR K, T
TARH Z MG T W R 2 BHALE . el

RO 450 505 7 26 2 S BOCHLE B A L 2 i
KON ZR G AT SEPE A Ok — 5 Bl BT RALI 4 g
WAE T HEOHT AL 55 8. B2 b s URAT R R 4
AP EAE S RG22 . A A T 4R

fpl | | mERS
MY s TR T
’ MU ‘ GPS

2 BAETHHEPAIERSR

T g ax L fa) B, AR A RGBT T AR T AR
B RIS (1% 7 (F = WL 0 S [ s o N ol R
454 B AEL I B 4% FROT 2 [ ffH E R HEAT AR . FEAR 3L
R T CAN B2 70 A s i RGBT 7 %8, LA
ARTEN BT T A% R G Al S 5 P R 5K

T CAN BTN B TP A 2XRAT 92 1 3 Ge 45
FUnIE 3 F7R o AR TN BT AL R 2R S 9 S BR e oK L TR
R B 4 R WOHIL 1 10 R o0 5 0 8 11 B B A D0 T HE A iR
AN HOE S R AU I L i i R A TR
Fefe CAN B4 Ly X5 R LA E 5 .

kAT

‘%m‘ ] m&%%l
#hl

EEImEE Y

CAN

[grsue | [ o | [#oms | | gosuk]

‘IMU‘ ‘GPS‘ ‘@w’ﬁ‘ ‘@m\

B3 T CAN B EANBETHLAHAR LB RS

KRG EER WITERIT AL R L R A
PRl M SR HCA T R AL g B B R OT R H
STM32F429, %t i W AN AL & A X #F CAN 2. 0B #p i
f) CAN F5 1 28 B Bk L 3l 3 Bt LA TJA1050 Ui & #% . i n] A
LY RGN CAN B EIIRE. X F AL AL B2 A 4%
S A RO R EE R . N TS T CAN
BRGNS T % Hi CAN B0
B,

CAN 2 H A B = 22 2y RS20 A% A% AT HLAG 55 20
TG I JE A 1) B 3l A5 7 UG ok 36T CAN B W38 15 7

. 121 -



842 % woF o

T # K

Ao MR E B RS232 Uk 2, 1 16t i, CAN i
RSN . Hi  RS232 Wik A5 R 1 SP3232 ik Hr . #1115
Hok Hl STM32F429 itk A, CAN I & #% & Al TJA1050
A H .

2 ETF CAN RZ&mEEMNE

2.1 BIERSENHEE

TABTHLCE RGN EBE T RGE MR SCa &
AEREMERS. CEREXFNHBEAEER MR, —F
AT 388 {75 A0 2000 7™ A6 i JR I 8 B2 SR AT 5 55 — Jr T, B0 e A%
ot PR BEE AR HARRE BB IRY . Bdn B B 5T
B A AT IR0 R G LR, B AT B A WPl R &
B R B AN A A A U T N S AL R G2
VAR K B LT Tl 0 25 1 22 i I A AR B50HE A 2
B AGHE A ¥k 22 1 B AE T 2S48, CAN B R A i
MFHAFR. CAN S /30 MR 4 5 S e & R % I AR AR
B L3 AN L A £ B R A R AT B SR AT

TNEAH AT G R G H ATHEH T E L IMU,
GPS #EZ 5 kT B B S S, K BfEm b .
IMU.GPS. % & kT 55 A Al 57 B He 5 28 938 i CAN 2k
B ENE T I ARSI E R L.
FEIRER B AT K38 45 TR AL, TR ML AT 2% 1 A I
A AT Ak BRI 5 TR ML 2 1) B8 A% a2 B0 ]
B T RPEEHL S PRAT UL I 45 3R G5 22 1) 9 0040 2 W) 1%
B, RATEES R G BRI ST B AR AR FR AL
KATIRIE S E B R AR A A TR E AL, ISR AL TR
A/ T /4 A R R T AT B AT 2k A AT DL L IR R 8
T AT HUAL B 2 AT g TRAT L 30 ) AT LLSE o T 45 i g S it
AT .
2.2 CAN 2&BEEHBGEIT

G TN H AL 0 LR R G it 7oK CAN Gl F
REGCR RN E R Al SRS R AT, RER
AW FE 3 200 ms S BHEEAE BY R SR DL E LSS
Pl 51301 10 ms g IEAFE L LA 1 ms B8 R GOl 5 R T
JAM . BAEEAED 10 ms, CETHR VK E T CAN S84
TR — B [ AT L 4% ) Rl R ST AR G T B ) 32 o
SR A o A ) R 0 O X7 L 1) R PR 2 AR A O T
G RGBS A AR IE LN ATIH B AR TR, I 5 A4 T
BT B8 K AT 43T
2.3 CANE{EHE EWERE

W CAN B4 A% fi B9 15 8, 2 A0R) T — B 20 AT
FIAL /B0 X AR AR W7, CAN B 2R L A% i i o
LA 4 B - B T S R T LR TR A AT . g
5 B ARAT CRC A B0 S A4S B0 48 e, B30 Hh A R ARG . &
PP EHUA A CAN 2 Sr B KR 22 B, H A28 00 far 42 35
EEHEEN ASHAEENS  WE RS P
4 ot BTl R

« 122 -

2.4 CANFRIZFF ID S B

ARSCH ) CAN B2 iR )2 38 A5 D ORR IR AF 23 L 5 56
SR P 13 152 9 B9 1S B SCO7 30 AR AT 4 ol 2 4 0 4%
L5 A et B P A B A AR TR A R 4 IR — ) D s
P8 BN TC < AR R I 20 BC B S5 59 A5 10 41 SC B D g - A
AT QAT 4 1 22 S8 P9 B 3 A5 RE 6 4% IR XS A 2 T
L) 4 1077 AT 5 4 DA R A R G0 9 MU AL A BT IX
) o AR VRAE B 23 C RO SRR 1) IX 50 5 45 T80 1 i 1) 5 40 2
HA AR 89 & o IR AT L ARG K 19 118 SE 9t A7 70 e

ARSI E B CAN AR IR AT 20 e 77 203 18 CAN Py 0%
A7 G B0 S 55 SR T i e BT B T 8 O (o e e
Ro GAULERZE L AR R B 5 A 4 iR,
Horr ID B DU AL 10,987 HI T X 30l e 7 28 A dje K 52
T 16 BRI B . AR 0~6 H T DO A — B & 2R A
[ FH i ) B, LS p 128 Bl AR [R] 6 20 i Bt . A Rl 28 7Y
{19 2804 AR A L8 S G0 AR HE AT A TR A 1 23 B

1D
s % 2
(ool s[7[e]s[a]s]2]r]o]
. Iy )
Y '
BT RIS B ThBEgRTY
Bl 4 ARl T &
PRI

D) il fE R e R Ak .

2) LA R 4 IR A I 5 0 DR/ B/ 1) R
HEP A an 3k 2 fros .

3) VA R I RE S i - S B ARG AR 8 S b i A A% gk
v NEE A AT 0 2 SO I H AN R U SUAN TR

x2 BETREBENIHRHA
BRERRLR 4 ID N
R ek 451 s s
I R 0X00 KERILRAEFELR
2 & 1% 0X01—0X02 IMU,GPS %
3 PATHLE 0Xo03 fie 5 3%
4 HUESESN 0X04 LA
5 RINAESZ 0X05 RO &
6 MRS 0X06 BEREEARE
7 155 W& 0X07 1155 RGN %
8 He 0X08—0X0F HEssaEa

3 kERHRMEERIZ

3.1 HETGRRA R
TNETHHL RAT R R G RIT AR G450 . Ais
S5 F B IR PP 32 B 5 6 B TG BRATE B AT 65 8 v 87



N A F DBAALINSAX KIZELENHRITS LA

55 10 4]

W5 BT J5 £t AR 95 R T £ 4 ) f o 7
O TR 55 L HE I T B R ML AT 5 9
DA« B R T ABLAR FE AT $i o 8 SR P K
REE AR I 5 R

warm | [ e | [ e | [ Bxs
Ht Bk || mimse || susse
i 1 1 |
f
| [ | [eee | | weE | [ s
e | | s mge | | wme || s
f f 1 |
am | [wm | [ Esw
B | (s || sk

K5 MLk R

3.2 XERZFEFSEERRZIT

TP REE RGBT I7 kA 2 B D & T 50mt
BAE R G R J7 35 2 F TR R & 1 LA &
RN BOE Or k. RS B AR BN B THHL R R S
ROARICRA T AT HTG G MR ER L BT k. &t
TP T R AR i AT R S R . RS
THEE R GE T, R G0 4 MR 1 e TR) R RN A B v

FE TR T AR A AT 5 PRAT T AR AR AT 55 b AR
A7, 76 2 SRECT IR 2 AT 35 O T 8 &4 55 B S AT, 1%
T8 T EARUE AT 55 W6 25 7E B RE B 1) | P9 407 5 B, 9F
HEAT 5 #BEAR I8 25 1 A0 PAT I Ji) 22 R 4 0 1 R G0 08
AT,

eI R G 0] LUK T BB ER S B — A g
FAAES DA . ZAT 55817 B LIS Pr L5
P i A ICTEVF ZAT: 55 Z 180 B 3 9 B L 76 2 W LT LA Ry
KESEME CPUM., ATIH CEREMNEZT 5
FE AT B 2E P R b R G AE AT B At e ) Bk
SR 0 B AT 55 B I) 43 Tl 40 DAZ I IR] o 35, R G
R4 BN 6 Fros . 98 B 2 O 18 h Tick 4R 3% B ] J
W B E KN 1 ms, BT 1 ms #F A — WE I
W, Tick+ 1 IR0 38 — R S AR S R AR i . P
T8 A H W Tick X441 55 Ja] 301 A 19 45 SR > 1] BB 2 75 o AH
NEAREALE 1, 3 58 0 bR AR AR 1 SR T8 R AT 55 D
WAET — A0 E R NETT. EESECERMERLT &
TR I T A B 1] R DR /S A B 2 HE A B0 W7 4 1 5 4T 5
AT B[R] S T DAARIIE 25T 55 3 B 45 @ B S8 17 . X
TNEFN G AT RGE b a [ R/ E N

1 ms,

Tick 0123 45 67 89101112131415161718192021222324252627

%A BT T [ W T T [ W [ [ T W T [ [ W [ T [ Wl [ Tick%5=0
448 C BT T T T [ T T T W [ T T T T T T [ B T T T T T Tick%Io=I
BHCCT T M T T T T T T T T T T T T T T T T T [ Bl T T T Tick%20-4
EHED LT T T T T T T T T T T T T T [ W T T T T T T T T T Tick%so-17
BBECT T T T T T T T T T T T T T T T T T T T T T T T T T Bl Tick%sor
BHF T T T T T T T T T T T T T BT T T T T T T T T T T T Tickaloo-i4
%465 I B B [ | | I I I | DS W W .

AB C A A B F A D A B CE A

K6 RIERGAESHE

3.3 CAN @ (= & B th WUAR B g 1t

CAN {7 4 B% P WO S 2 SE L T CAN B4 43
ARGV AZ OB Y, P BB B 3= B FE R
KR FEE IS 3 ARy . REEEAM CAN AR 1 #2002
g A BATT R RS KRN CAN W B Wl iE CAN rhir
WO A Z A . BT 55 B2 W 52 47 v B2 BT Bt
25 5 figR 0T o SN 40 0 A B A S B A 3, R % i R
e KRR F R A T B R & Ak B pR AR, oR BOKG SR
0 20T B o AR A L 2R AL B SR Y CAN I B TE A
RIRGAF  Z 5 M K AT 55 AR 4l B BCR A vh i O 0k
CAN JH B i &% 8 B4L b, fEtd R, CAN & i I 2
BEH 7 TR %T CAN T8 {5 B 17 W ds 5 B

CAN JH B Wik 8 bit 2 K597 A f% ki, Hrp CAN

T BB X T RO e AL B Y TR AR 0 B
KT 7 Byte B} 75 ZEX B4 64T A AL B . b B AT 3R
8 bit, H i 4 7 F R A UAL 5y (1) S B0 AR 4 3208 S i
AR, WE 7 FiR, & UL 25 Byte K B (77 & 3% 04 BN
B oL, B, DOTH BB T IR T T 4R 49 IR B
7 Byte, 45 G 1T A AL )T 81 58 B CAN VT B 80 X1 35
. MR R L E AR CAN A ID A CAN 4 &
W, AR EE WX, B EE LR, AR 7 Byte it
SR T 0. & i A T4 B 5096 58 e mit . S22 Ui R R
5 A R R R AR IR A A 5 8 T B IR S B AL

4 R
H T REAR SCH 3T CAN BRI T8 B THIL A

¢ 123 -



w12 % ¢ F ow ¥ # A
— S CAN 3 {5 9 3 J2 30 X 220 92 B 5 o7 D O LK

CANWEMI [oxa1] * [ * | * [ * [ * [ * [ * |

CANWEm [OX#2] * [ * [ * [ * [ * [ * T * ]

CANRn [ox8B] * [ * [ = T = T * T * 1 * ]

CANWHEMm{I [ox44] * [ * [T * [ * T 0] 0 ] 0 |

[
arpsgs 7 ] 6 [ 5 [ 41 3] 2] 110 ]

BAa%K a2l
7 BB EERAES AT 5 S Ak BR
A RAT R GER AT AT L 7 o0 A 2XRAT PR R SR
Henh bt TR0 KRG AT T RGNS 05

. fiERGEEEMINE 8 Fix,
X-Plane
Modellink T B ST SHE
] i T e
ey | C |
I CANTHTX
[Febl] [femag] [ R%]
CANSZL
CANMZ
AT R EAL Ry RERE

8 TN BETHHL AT X TR R G W B A5

TNETHHL A AT 6 R M EE N AR
5 CAN @ {5 DA TE N B THL 4% 2 G n] 5 P D 3l 6
2 H AR . BRI 10 W, BRI 4 e A R
SRR 3 PR,

£3 SHATCENRER

ML H T P 75 HIRREAES
CAN i {5 e 10.5%
CAN Pi% PRUES TEK
I [ [s) 25 IR 4 i 22 <150 ps
BIE 3 Lk A7 T i B

« 124 -

P 5 TR ) A B Aol i 22 003 2R AT B0 E . 28 s I 56
CAN Bk st b F ¥ s FIH F 8 10.5% ., Frigitm
CAN BRI 2 W3R 0, €4 R GE 4517 5 5 2717 s fie
FBF B I 22 /0 F 150 ps. TCAR FR G000 AT AR T2k K
TTRAEATIUE WK 9 iR, ML T 5 s
WL AT . Lo ik 2e X B 40E , v] LIE B 40 4 20 R R 40
REN T AT EOR W LA AT — 2 S BR R T AR,
NIRRT AN R G2k TR KW ARG, I+ B
16T 3R GE 0 A PR 4t 4 1308 O B o B s DL Rk

JE R B RAR KA E R

M I M M

9

IR2 TR A

PrESRAEN T CAN M5 BBt iy B A B THL
A R R G AT S AR . AR SCGE S CAN B2k
FIATNETHHL RAT R R G0, W 7 B AN B THPL R &
Ry T AE R WAL T N E AL RS R G A R A5 L
N7 RGBT AR BT T RIER G AT YRS n) 4
Pk JEAHL AT P 2R Gy 4 v g A SR AR R T
ANHLREE R G R R . 55— I T 6 Tk rh A T A HL
5+ B R 0 A 2RO 2R G 0 AT SR TS RE R AR B
SR R A b A 1) 22 % B YA AR e T A R R
T4 SR B R AF AR S5 AN R il 7 e 22 Ok T 4
PO B R S AR5 T K A3 A 2 A R AR 4
BT ZRE A EE R G

S CHk
[1]1  Fz. CAN @R W AP RIT S5IT & [D] d ot i
HALZE MR K. 2016.

(2]  HIEF, XM 570G AT R RE SRR
ML) AT J12£,2009,27(6) :1-4,9.

(3] RIRAL, 2™, X ELE. 4340 X CATE 2 A 1 R
Gkt [J]. Miss it A AR .2009,39(1) . 117-119,122.

(4] FBHE. TAMARE RATE G E N & T X P52 [D]. G
I FE LA AR K, 2011,

[5] HH . fefedd. CAN gk X H 5 5 2 W 4 Uh iU FE i 2
MR FrrrdE R L)) S 5 R s 8 AR,



N A F DBAALINSAX KIZELENHRITS LA

55 10 4]

[6]

7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

2004(4) :47-50.

ZEM, 22 /N BT ARM [ /NEL TG WL AT 45 1 2% i
WO ENLE B ,2007(29) :133-135.

TR BRAR, BV, BT CAN B4 /43 43 28 6 AL
SCEF R A MRS L] R G AR, 2009, 21(6)
1587-1590.

X, /MR N B AL AT R R e R SR
F&LD]. FE 5« M At A% AR K2, 2010.

Sl By BBE ST, k28 B 55 ST 2R T AN TR
T RSB0 B 7 & H AR, 2014,
37(10) :89-94.

FHAR KRB BT ARM AP 2819 CAN B4
A R &) HAh i 70 & £ R, 2015,
34(5):52-55.

ZERk A TR B AR LE. NEL TG N B AL AT $
Fo[J]. FHAR S TR, 2017(7) : 96.

HA PR LT STM32 B 5 /LAY o A HL AT 2 &R S ik
THID]. R 5 B A2 R R, 2012,

TN 86 TR aliHE 45 A A 2 4 i IR B B e ).
AL F 27 4R 5 2008,29(11) :2399-2403.
EERTC R TRR] L SR 4 CAN R G0 R 1 B 4 5] 25

[15]

[16]

[17]

(18]

PUEIARF 58 [T 1. B 0 & 5 {0 4% % 4. 2014, 28 (1)
22-28.

XIA ] Q,ZHANG C S,BAI R G,et al. Real-time and
reliability analysis of time-triggered CAN-bus [ ] J.
Chinese Journal of Aeronautics,2013,26(1).:171-178.
SRS 2 B AK B Rk, —F T B AHLI 4 A AT
R RGBT LR 5N 2010,19(8) : 16-
19,61.

WRIK . L = BN R — i 2 85 i B R AT 4R S
M 475 2R GE L) . U 25 A R K 2 24 4. 2001, 33(2)
200-202.

. /NEL T N B 43 B 2 A TRAT 4R AR R
PELD]. F A A2 K K27, 2015.

EEE I

ik A

R & B AR AR L R BT ST 1) O B A ML TRAT R K
E

E-mail:liunian1307@163.com

P |

B2 BT A L R BT S OT 1) O e A ML TRAT S K
AR
HEREBIFTE WL, FEZFT D5 g AL AT %

il AKX RS .

¢ 125 -



